We present X-ray and optical observations of the short duration gamma-ray burst GRB 071227 and its host at z = 0.381, obtained using Swift, Gemini South and the Very Large Telescope. We identify a short-lived and moderately bright optical transient, with flux significantly in excess of that expected from a simple extrapolation of the Xray spectrum at 0.2-0.3 days after burst. We fit the SED with afterglow models allowing for high extinction and thermal emission models that approximate a kilonova to assess the excess' origins. While some kilonova contribution is plausible, it is not favoured due to the low temperature and high luminosity required, implying superluminal expansion and a large ejecta mass of ∼ 0.1 M . We find, instead, that the transient is broadly consistent with power-law spectra with additional dust extinction of E(B − V) ∼ 0.4 mag, although a possibly thermal excess remains in the z -band. We investigate the host, a spiral galaxy with an edge-on orientation, resolving its spectrum along its major axis to construct the galaxy rotation curve and analyse the star formation and chemical properties. The integrated host emission shows evidence for high extinction, consistent with the afterglow findings. The metallicity and extinction are consistent with previous studies of this host and indicate the galaxy is a typical, but dusty, late-type SGRB host.
INTRODUCTION
The detection of gravitational wave signal GW 170817 (Abbott et al. 2017) , an inspiral and merger of a binary neutron star system, coupled with the coincident detection of the short gamma-ray burst (SGRB) GRB 170817A by both the Fermi Gamma-ray Burst Monitor (Fermi-GBM ) and INTErnational Gamma-Ray Astrophysics Laboratory (INTE-GRAL) spacecraft (Goldstein et al. 2017; Savchenko et al. 2017) , has greatly strengthened the link between SGRBs and a compact binary progenitor. The merger of two compact objects, either a binary neutron star (BNS) or a neutron star black hole (NSBH) system, is a cataclysmic event which can power a relativistic jet and an SGRB. This jet, and by extension, the gamma and X-ray emission, is emitted in the direction of the orbital axis of the progenitor system ('on-axis'). SGRBs are conventionally characterised by a T 90 , the time in which 90% of the prompt emission photons are detected, of raje1@leicester.ac.uk less than 2 s and a hard gamma-ray spectrum (Kouveliotou et al. 1993 ). There is a wide variety in SGRB host galaxies (Leibler & Berger 2010; Fong & Berger 2013) . This is in contrast to long gamma-ray bursts (LGRBs), which have a T 90 greater than 2 s and a softer gamma-ray spectrum, and are linked to highly energetic core collapse supernovae residing in blue star-forming, low metallicity galaxies (Svensson et al. 2010; Mannucci et al. 2011) .
Both short and long GRBs produce broadband afterglows, which provide a great deal of information about the properties of the jet opening angles, energetics and circumburst medium Piran 2004) . Other types of transients are also associated with each type of GRB: for
LGRBs, supernovae following the core collapse of their progenitor star (Hjorth et al. 2003) , and for SGRBs, kilonovae (e.g. Li & Paczyński 1998; Tanvir et al. 2013; Metzger 2017) .
A kilonova is a radioactively powered and rapidly evolving transient, peaking in the optical or NIR depending on time, the progenitor properties and viewing angle (Metzger 2017 ). This is due to the behaviour of the different types of ejecta produced during and following the merger process: dynamical and disk wind ejecta (Rosswog 2015) . The dynamical ejecta have a varying electron fraction (Y e ) with low Y e tidally ejected material distributed near the equatorial plane and high Y e collisional ejecta distributed in a symmetrical sphere at a smaller radius. The disk wind ejecta, similarly to the collisional ejecta, are also distributed in a symmetrical sphere around the merger site but, depending on the neutrino winds described later, have a low Y e and are found at even smaller radii.
The ejecta undergo r-process nucleosynthesis (Lattimer & Schramm 1974) , with the elements produced varying according to Y e (Metzger 2017) . The neutron rich equatorial and disk wind material produces heavy lanthanides while the high Y e material is neutron poor, inhibiting lanthanide production. Decay of the elements produced in this r-process nucleosynthesis leads to radioactive heating of the surrounding ejecta and the varying opacities of the ejecta results in the two key components of kilonova emission: ∼week long red infrared around the equator and more isotropically distributed ∼day long blue optical emission respectively. Following a typical SGRB, it would be expected that the onaxis viewing angle would mean that it is the blue component that would primarily be observed assuming it is not outshone by the SGRB afterglow itself, although it is also likely the red component would be observable as the viewing cone is broad. Depending on the masses and types of the progenitors, it is also possible for a magnetar central engine to form which produces a neutrino wind, increasing the Y e of the nearby disk wind ejecta. The additional energy injected by this magnetar, as well as the higher Y e of the disk wind ejecta, leads to a longer lived kilonova with bluer emission lasting several hours to days . In addition to these components, it has been proposed that kilonovae may be preceded by precursor emission peaking in the ultraviolet. Directly following the merger, the fastest ejecta can form an outer layer composed primarily of 'free' neutrons. These free neutrons inject additional energy into the ejecta, heating the material and intensifying the emission produced .
Observational constraints on the diversity of kilonova behaviour are very limited (Gompertz et al. 2018) . For instance, it is believed that a kilonova was detected following GRB 130603B , but this was limited to a single datapoint deviating from the underlying afterglow light curve. A number of other kilonova candidates are briefly discussed in comparison to GRB 071227 in section 3.2.2.
The best example to date of a kilonova signature was the emission associated with the gravitational wave event GW 170817. The accompanying optical and infrared kilonova AT 2017gfo, has been observed in exquisite detail (e.g. Abbott et al. 2017; Covino et al. 2017; Cowperthwaite et al. 2017; Kilpatrick et al. 2017; Smartt et al. 2017; Tanvir et al. 2017) . This has allowed a much more thorough investigation into the resultant kilonova than has previously been possible. Both the red and blue emission can be seen which, along with the SGRB energetics and gravitational wave data, implies the kilonova is being viewed off-axis. The highly sampled light curves resulting from observations of AT 2017gfo also allow the temporal evolution of kilonova emission to be more accurately modelled (e.g. Gompertz et al. 2018 ).
There are only a few short bursts for which well-sampled multi-wavelength afterglows are available. These observables can be used to determine useful information on the properties of the progenitors and in turn allow the inference of global rates and properties of SGRBs. However, this is still a relatively small sample of SGRBs. GW 170817 has also prompted the evaluation of potential kilonovae in past SGRBs (Gompertz et al. 2018; Ascenzi et al. 2019; Jin et al. 2019; Rossi et al. 2019; Troja et al. 2019; Lamb et al. 2019) . In this paper, we aim to bring the short GRB 071227 into both these catalogues.
GRB 071227 is a relatively well studied example of an SGRB. In particular, D'Avanzo et al. (2009) is a notable counterpart to this paper, presenting optical photometry of the GRB and photometric and spectroscopic analysis of the host as we do here. Their observations were performed using the FOcal Reducer and low dispersion Spectrograph (FORS2) instrument on the Very Large Telescope (VLT). They found GRB 071227 to be a fairly typical SGRB although they only had one observation during the afterglow phase. We revisit these observations in this paper and use them to obtain deeper upper limits than previously and in addition, we include new deep multi-band Gemini South observations. D'Avanzo et al.'s spectroscopic observations of the host provided a redshift of 0.381, a star formation rate of 0.6 M yr −1 and a metallicity of 12 + log(O/H) = 8.2 − 8.8 dex . Additional optical and NIR photometry is found in D' Avanzo et al. (2007) , Berger et al. (2007) and Nicuesa Guelbenzu et al. (2012) .
Nicuesa Guelbenzu et al. (2014) also analysed the host galaxy, presenting radio observations as well as identifying a Wide-field Infrared Survey Explorer (WISE ) counterpart. Using spectral energy distribution (SED) models, they derive a star formation rate of ∼ 24 M yr −1 . The contrast with D'Avanzo et al. (2009)'s results is suggested to be due to high optical extinction in the host. Further SED analysis is also presented by Leibler & Berger (2010) who measure stellar population ages. The host morphology is investigated in Fong & Berger (2013) .
GRB 071227 has also been evaluated as a GRB with extended emission (EE) (Gompertz et al. 2014; Lien et al. 2016; Gibson et al. 2017) , finding it to fit well with a magnetar propeller model, while Kisaka et al. (2017) found evidence of both extended and plateau emission, and has been investigated in relation to X-ray flares in SGRBs , in which a flare was identified in the first 200 seconds following the GRB. Finally, GRB 071227 is in the sample examined by Rossi et al. (2019) for kilonova signatures by comparison with AT 2017gfo, finding that any kilonova is likely several times dimmer than the afterglow.
In this paper, we report our own optical photometry obtained using the Gemini Multi-Object Spectrograph instrument (GMOS-S) at the Gemini South observatory, finding, at a time of ∼0.26 days, apparent excess optical flux when compared with a synchrotron afterglow model extrapolation of the X-ray emission. We investigate the scenarios that could lead to this apparent excess, including kilonovae and reverse shocks. We also add further spectroscopic observations and analysis thereof of the host. In section 2, we summarise our Gemini South observations and processing as well as the available data from the Neil Gehrels Swift Observatory, hereafter Swift, satellite and the Very Large Telescope. Section 3 deals with the properties of the X-ray and optical transients and our investigation into the mechanisms that could have produced them, while section 4 examines the properties of the host galaxy. Section 5 presents our conclusions.
Throughout this paper we adopt a cosmology with H 0 = 71 km s −1 Mpc −1 , Ω m = 0.27 and Ω Λ = 0.73. A redshift of z = 0.381 therefore corresponds to a luminosity distance of 2039.0 Mpc, and 1 arcsecond corresponds to 5.4 kpc. Hereafter we use the notation F ∝ t −α ν −β , where α and β are the temporal and spectral power law indices, respectively. In the case of spectral fits performed using xspec, our errors are 90% confidence. All other errors are given to 1 σ.
OBSERVATIONS AND DATA REDUCTION

Swift observations
Swift was triggered at 20:13:47 UT and slewed to the burst at RA 03h52m29s, Dec -55d57m08s (Sakamoto et al. 2007a ). The prompt light curve indicated multiple peaks during a T 90 of 1.8 ± 0.4s (Sakamoto et al. 2007b ). However, a more careful reduction revealed a lengthy extended emission period following the burst, in common with some other SGRBs. If accounted for, the extended emission increases the T 90 estimate considerably to 142.5 ± 48.4 s (Lien et al. 2016 ). In the Swift-BAT bandpass, E γ,iso is 1.96 +0.30 −0.29 × 10 50 erg. We retrieved the XRT data from the UK Swift Science Data Centre (UKSSDC) 1 and corrected it for line-of-sight absorption using the ratio of counts-to-flux unabsorbed to counts-to-flux observed from the fit to the late-time photon counting mode spectrum on the UKSSDC. This is a factor of 1.02.
GMOS-S imaging
Optical observations were performed at Gemini South using the Gemini Multi-Object Spectrograph (GMOS-S) (Hook et al. 2004 ). These observations were performed using the original EEV CCDs, with an unbinned pixel size of 0.073 arsec. In this case, 2x2 binning was used, hence our pixel size is 0.146 arcsec. The r, i and z filters used in GMOS-S are based on those used in the Sloan Digital Sky Survey as presented in Fukugita et al. (1996) . Conditions during the observations were generally good, although seeing during the first epoch was notably poorer (see Table 1 ).
We reduced the data using the gemini iraf package, specifically the gmos subpackage. The method used is based on that found in the GMOS Data Reduction Cookbook (Shaw 2016) . Master bias and flat frames were constructed for each filter using the available observations closest to each epoch and were then applied to the raw science frames. There was significant fringing present in the raw i and z frames, a common problem for images taken using the older EEV CCDs. Typically, the fringing is removed using master fringe frames taken once per semester. However, this was found to be ineffective in this case and instead we constructed fringe frames from the science frames using the 1 http://www.swift.ac.uk/index.php gifringe task. These were found to be much more effective at minimising the fringing present in the i and z. As there was no apparent fringing in the r frames, no correction was applied. The data from the individual CCDs were then mosaiced together to create an image of the entire field. The median value of the data was substituted into any blank pixels, such as those in the gaps between the CCDs.
We combined the individual images using IRAF tasks shiftadd 2 and imcoadd, with the final output being the mean of the stack. We used the gaia software (Draper et al. 2014) to produce a final world coordinate system (WCS) calibration for each image manually using 49 USNO-B objects in the field and derived a photometric calibration for each stacked frame by matching stars to the SkyMapper catalogues (Wolf et al. 2018) .
We used the hotpants code (Becker 2015) for image subtraction, a reimplementation of the isis algorithm (Alard 2000) . This uses a space-varying kernel method to achieve effective subtraction across the entire field by matching point spread functions (PSFs) between images. The last epoch observed for each filter were taken as the template images, i.e. epoch 4 for r and epoch 3 for i and z. The subtraction for epoch 1 in the r -band is shown in Figure 1 .
VLT/FORS2 imaging
As previously mentioned, we have reanalysed the VLT data examined in D' Avanzo et al. (2009) . Observations were performed using the R Special filter (ESO 2018) on the FORS2 instrument, which has an unbinned pixel size of 0.125 arcsec. Again, 2x2 binning was used leading to a pixel size of 0.25 arcsec. The data were obtained from the European Southern Observatory archive 3 .
We processed the data using the standard EsoReflex workflow for the FORS instruments (Freudling et al. 2013) then stacked the individual frames using imcoadd as described above. Photometric calibrations were again evaluated by comparison with the SkyMapper catalogue (Wolf et al. 2018) , calibrating directly to the r -band. Image subtraction was performed using hotpants, again taking the final epoch, in this case epoch 8, as the template image. It should be noted that we were unable to achieve an effective subtraction for epoch 7, likely due to this image being of lower quality and hotpants therefore being unable to accurately match the PSFs.
GMOS-S spectroscopy
To further characterize the host galaxy, we obtained a spectrum with GMOS-S using the nod and shuffle technique, which increases signal to noise at the red end by increasing accuracy of skyline subtraction (see Glazebrook & BlandHawthorn (2001) for a description of the technique) and suppresses the effects of the severe fringing of the GMOS-S detectors. The 1.0 arcsecond wide slit was oriented along the major axis of the galaxy (sky position angle 140 degrees, see We used low resolution grism R400 and the GG455 G0329 filter, resulting in a wavelength range of ∼5500 to 9290Å (with a central wavelength of ∼7200Å). 30 nod and shuffle cycles were used and the total net exposure time was 1830 seconds. An atmospheric dispersion compensator was used to minimize colour dependent slit-losses. The data were reduced using the standard nod & shuffle procedures in the gemini package in IRAF, and tasks in the specred package were used for extraction.
We extracted the host galaxy spectrum by using the relatively bright continuum of the bulge to fit the shape of the trace, then extracted 11 adjoining, equally sized subapertures following this trace. The subapertures are 5 pixels in size, corresponding to 0.73 arcseconds per subaperture, i.e. a value broadly matched to the seeing FWHM. This corresponds to a physical scale of 3.9 kpc per subaperture. The GRB location falls in subaperture 2. The spectra extracted from each subaperture are referred to as subspectra hereafter. The subspectra were wavelength calibrated using a CuAr lamp spectrum and the dispersion solution had an RMS of 0.3Å. From the full-width-at-half-maximum (FWHM) of a Gaussian fit on the arc lines, we measured a nominal spectral resolution of 6.9Å, corresponding to 280 km/s at 7300Å. Flux calibration of the subspectra was done using observations of the spectrophotometric standard star Hiltner 600 (Hamuy et al. 1992; Hamuy et al. 1994) , taken under photometric conditions. Atmospheric extinction correction was done by applying the average CTIO atmospheric extinction curve. As the effective airmass was low, the effects of the atmospheric extinction correction were negligible. A Galactic dust extinction correction was performed by using the E(B − V) value of 0.013 mag (Schlegel et al. 1998) , assuming a Galactic extinction law A λ /A V expressed as R V = A V /E(B − V) (Cardelli et al. 1989) . We made the standard assumption R V = 3.1 (Rieke & Lebofsky 1985) .
PROPERTIES OF THE TRANSIENT
Broadband light curve
The Swift X-Ray Telescope (XRT) identified an X-ray transient at RA 03h52m31.21s, Dec -55d59m03.1s (Beardmore et al. 2007 ). The XRT light curve, as shown in black in Figure 3 and red in Figure 4 , is well fitted with a double broken power law between 210 s and 34.8 ks. This fit has parameters α 1 = 1.1 ± 0.2, t break 1 = 183 ± 7s, α 2 = 5.3 +1.2 −0.6 , t break 2 = 389 ± 65s and α 3 = 1.1 ± 0.2 (Beardmore et al. 2007; Evans et al. 2007 Evans et al. , 2009 . When compared to most Swift detected SGRBs, as shown in Figure 4 , the XRT light curve is found to be slightly under luminous, particularly at later times, but is not atypical.
We used SExtractor 2.19.5 (Bertin & Arnouts 1996) to detect and extract sources from our optical data to a 5 σ confidence threshold. Using the first epoch r -band difference image, we identified an optical transient which had an AB magnitude of 24.03 ± 0.03 at a position of RA 03h52m31.25s, Dec -55h59m02.87s (J2000) with an uncertainty of 0.28 arcseconds dominated by the RMS of the astrometric solution of the USNO stars used for the WCS calibration. This is consistent with the positions of the X-ray and optical transients found by Beardmore et al. (2007) The optical transient is not detected in subsequent epochs, however, indicating its fading. We identified upper limits for these later epochs by injecting artificial sources into the input image and performing subtraction to identify where the magnitude error reached the 3 σ threshold. The detected magnitudes and upper limits from our GMOS-S observations are summarised in Table 1. This rapid fading can also be identified in our analysis of the VLT/FORS2 data as summarised in Table 2 . Again, the transient was only identified in the first epoch, at an Rband AB magnitude of 24.17 ± 0.12, and we therefore again used injected artificial sources in the later epochs to evaluate deeper upper limits than those identified by D'Avanzo et al. (2009) . As we were unable to obtain an effective subtraction, we do not have an upper limit for epoch 7. Fitting our detections and upper limits with power laws indicated minimum temporal decay indices of α r > ∼ 0.87, α i > ∼ 0.65 and α z > ∼ 0.52 for the r, i and z bands respectively.
Broadband spectral energy distribution (SED)
We used xspec 12.10.0 (Arnaud 1996; Dorman & Arnaud 2001 ) from HEASoft 6.24 to evaluate the broadband SED. Full details on the models used and our fitted parameters are presented in Appendix A. We first fitted the X-ray and optical data separately. An absorbed power law model was used to fit the XRT spectrum at a mean time in log space coincident to the first optical GMOS-S epoch, 21635s after the burst, finding a photon index, Γ = β + 1, of 1.58 +0.87 −0.57 and host intrinsic column density upper limit of N H < = 2.97×10 21 cm −2 in addition to the fixed Galactic column density of N H = 1.31 × 10 20 cm −2 (Willingale et al. 2013 ) (see Table  A1 for full details). This fit has a reduced chi-squared of 1.130. The parameters identified agree with those found by (Berger et al. 2007 ). Triangles represent 3 σ upper limits and the black dotted line indicates the slope of α = 1.1 followed in the X-ray. Models of the kilonova AT 2017gfo light curves (Gompertz et al. 2018) , extrapolated to the redshift of GRB 071227, are shown in the dashed lines. Swift's automatic fitting algorithms (Evans et al. 2009 ) and are consistent with the broader sample of SGRBs (D'Avanzo et al. 2014; Fong et al. 2015) .
Both the light curve and spectral properties of the Xray data are consistent with a typical afterglow model synchrotron emission from a relativistic blast wave . The photon index and the temporal slope (α 3 at this time) can be used to independently evaluate the electron energy distribution index, p, using the standard closure relations (Sari et al. 1998; Chevalier & Li 1999 Granot & Sari 2002) : = 2.13 ± 0.27 for ν m < ν c < ν and any k
where ν m is the peak frequency, ν c is the cooling frequency and k describes the particle number density of the surrounding medium as a function of radius, n(r) ∝ r −k , although it should be noted that a wind like density profile is not expected following a neutron star merger, hence k is expected to be 0 (Chevalier & Li 1999 ). We do not include energy injection which is thought to be responsible for the unusual features observed in a subset of SGRB light curves (e.g. Gompertz et al. 2014 ). Together, these imply 2.1 < ∼ p < ∼ 2.4 in the regime ν m < ν < ν c , consistent with the results of Fong et al. (2015) where they found p = 1.92 ± 0.31 for this burst and a mean value of p of 2.43 +0.36
for their full population of SGRBs.
Xspec was also used to fit our first GMOS-S optical epoch. Because the mean time of our z -band observation was somewhat earlier than the other bands, we extrapolated the flux density to this time assuming a power law decay with temporal decay index of 1.1, consistent with that inferred from the X-ray light curve. We again used an absorbed power law model to find Γ ∼ 4.49 with no host extinction contribution assumed (see Table A2 for full details). While this is somewhat unconstrained due to only having three datapoints available, this is still a surprising result, as the optical spectrum is typically shallower than the X-ray at this time. It also implies a much higher electron energy distribution index than typically found in GRBs (∼ 7 − 8 depending on the regime assumed). Extrapolating the power law derived from the X-ray SED to optical wavelengths, as shown in Figure 5 , also indicates that the optical flux is underestimated, even when the effects of optical extinction have not been removed. Below, we consider several possibilities for the apparent discrepancy.
An afterglow explanation for the apparent optical excess
It is possible that the optical and X-ray transients are indeed consistent with a single afterglow model. We therefore attempted to fit both the X-ray and optical data together using xspec to gain a better picture of the varying situation between these wavelengths. Again, an absorbed power law model was used, this time a combination of both the X-ray and optical models. A pair of power law fits with a reduced chi-squared of 1.113 and the same photon index of 1.58 +0.56 −0.57 were found, which required both a high optical extinction (E(B − V) ∼ 0.85) and the normalisation of the optical to be ∼140 times larger than that of the X-ray (see Table A3 for full details), with any single normalisation fit being extremely poor. This level of extinction is plausible in the host, as we find in section 4.2, but the large difference in the normalisation is still problematic. Due to limitations within xspec (the large wavelength difference between our X-ray and optical data and the greater amount of X-ray data meaning any fit is naturally weighted towards fitting best with the X-ray), we used a Markov Chain Monte Carlo (MCMC) method to better evaluate the afterglow. The X-ray data were rebinned and the errors of our X-ray only fit were used to define our fit parameter space. We first assumed that the N H and A V were related by N H = (2.21±0.09)×10 21 A V , as identified by Güver &Özel (2009) for the Galaxy. Our fitted parameters, therefore, were the slope and normalisation of the afterglow and the N H with E(B − V) derived from the relation above. Assuming R V = 3.1 as in the Galaxy, this identified a fit to a Γ of 2.19 +0.06 Table A4 for full details), as shown in Figure 6 (top). Using other values of R V , such as 2.93 and 3.16 as found in the Small and Large Magellanic Clouds (SMC and LMC) respectively, has an insignificant effect on this fit. The extinction corrections identified in this fit have been applied in Figure 3 .
In a number of GRBs, the relation between N H and A V above is not obeyed, however, likely due to a dust to gas ratio in the host that differs from that of the Milky Way (e.g. Li et al. 2008a,b) . We therefore also fitted our SED allowing E(B − V) to vary independently of N H , as shown in Figure  6 Table A5 for full details). This fit has a reduced chi-squared of 3.094, an increase likely due to the extra parameter being fitted. This result possibly implies a high dust to gas ratio in the host relative to the Milky Way, but could also indicate that the fit is relatively insensitive to N H .
The above fits both still result in a z -band excess, but are generally consistent within errors and are also consistent with the results from Swift's automatic fitting. Returning to the electron energy distribution index, we find that for the first of our MCMC fits, where N H and A V are related as in the Galaxy, that:
This, together with our analysis of p in relation to α above, still indicates that 2.1 < ∼ p < ∼ 2.4, but in the regime ν m < ν c < ν. This result is also still consistent with the findings of Fong et al. (2015) . 
A kilonova explanation for the apparent optical excess
An alternate and possibly the more obvious source for apparent excess flux at optical or IR wavelengths following a short GRB is thermal emission arising from a kilonova. However, we find this to be somewhat problematic in the case of GRB 071227. Taking our X-ray only fit (Γ ∼ 1.58) to be representative of the afterglow, fitting the remaining excess with no reddening assumed to a thermal blackbody model yields a low temperature (∼ 3600 K) but a high luminosity (∼ 1.3 × 10 43 erg s −1 ) that require a superluminal expansion velocity according to the Stefan-Boltzmann law. The ejecta mass required for such a luminosity is also somewhat problematic in itself. Simply scaling the luminosity inferred from AT 2017gfo implies an ejecta mass following GRB 071227 of ∼ 0.2 M , double the approximate maximum expected for a BNS merger of ∼ 0.1 M (Metzger 2017) .
Alternatively, we can directly estimate the ejecta mass by inspecting nuclear heating rates. Using the Finite Range Droplet Model (FRDM; Möller et al. 1995) for the nuclear masses, network calculations indicate a nuclear heating rate of ∼ 10 11 erg g −1 s −1 at 0.26 days (Korobkin et al. 2012) . Making the extreme assumption that all released energy is observed as radiation yields a lower limit on the ejecta mass of 0.09 M . By applying a more realistic efficiency of ∼ 0.6 (e.g. Fig 8 in Rosswog et al. 2017) , however, indicates a mass closer to the ∼ 0.2 M found above. It is also important to realize that the nucleosynthesis path for the very low electron fractions of a neutron star merger meanders through largely unknown nuclear territory close to the neutron-dripline where no experimental information is available. Theoretical nuclear mass formulae that equally well reproduce known nuclear data therefore, can yield substantially different heating rates. For example, very low Y e trajectories produce substantially different amounts of nuclei in the trans-lead region (A > 200) depending on whether, for instance, the FRDM mass model or the Duflo-Zuker mass formula (DZ31; Duflo & Zuker 1995) are employed. As a result, the effective heating rates at time scales of days can differ by factors of a few (Barnes et al. 2016; Rosswog et al. 2017) . Making the most optimistic assumptions, namely that the ejecta are dominated by very low Y e material and the nuclear heating is close to the DZ31 mass formula values, the total ejecta mass may be brought down below ∼ 0.1 M . Such large values can in principle be ejected in some neutron star black hole mergers for favorable parameter combinations (mass ratio, neutron star compactness, black hole spin) (Rosswog 2005; Foucart et al. 2014; Brege et al. 2018 ), but not all neutron star black hole mergers are expected to eject such large masses (e.g. Foucart et al. 2019) . In summary, the large required mass may be ejected in a neutron star black hole merger, but it may require a collusion of number of parameters and therefore, while in principle possible, is not our preferred interpretation.
There are two other mechanisms that could reduce the ejecta mass required, a 'free' neutron precursor (Metzger 2017) or a trapped jet leading to a bright thermally emitting relativistic cocoon peaking at optical wavelengths (Kasliwal et al. 2017 ). However, a UV precursor is inconsistent with the much redder temperatures observed here, while the gamma-ray and X-ray data both show no indication of such a trapped jet, in which case any jet heating is too inefficient to produce the high luminosity seen here (Duffell et al. 2018) .
Although this fit is unsuccessful, the errors on our afterglow and optical extinction expand the available parameter space. Varying the afterglow and extinction and refitting the excess, therefore, provides a more thorough investigative tool into the possibility of this excess being the result of a kilonova. For a given temperature, the luminosity of a kilonova is limited such that the expansion velocity remains below c. This is given by:
where t is the time since the merger in the rest frame and σ is the Stefan-Boltzmann constant. Along with assuming a maximum ejecta mass of 0.1 M , an r -process heating rate of ∼ 10 11 erg s −1 g −1 as derived using the FRDM and an observed temperature range of 3000 to 20000 K, this defines our expected kilonova parameter range, shown in Figure 7 . Also shown in Figure 7 in greyscale are the parameters inferred by fitting blackbodies to the optical excess as the extinction, normalisation and slope of the afterglow power law are varied within the full range of the 90% errors inferred by our X-ray only fit. We again used the relation identified by Güver &Özel (2009) to infer an upper limit to the optical extinction of E(B − V) ∼ 0.45 from the fitted N H upper limit. The continued lack of agreement between these fits and the plausible parameter space of our kilonova is clear and strongly indicates that the optical excess following GRB 071227 is not primarily the result of a kilonova and is instead likely dominated by afterglow. A thermal contribution is still plausible, however, which could be responsible for the small excess still apparent in the z -band of our afterglow fits and it is therefore useful to compare the properties of GRB 071227 with several kilonova candidates: GRBs 050709 (Hjorth et al. 2005; Fox et al. 2005; Jin et al. 2016) , 080503 (Perley et al. 2009; Metzger & Piro 2014; Metzger & Fernández 2014) , 130603B ) and 150101B (Fong et al. 2016; Troja et al. 2018 ). Other candidates include GRBs 070809 (Jin et al. 2019) and 160821B (Troja et al. 2019; Lamb et al. 2019) , although these are more recently identified and therefore not examined in detail here.
We replotted the available XRT light curves for this subsample and compare them more directly with that of GRB 071227 in Figure 8 . As the XRT light curve for GRB 150101B is contaminated by an AGN, we have used the Chandra X-ray Observatory (Chandra) light curve from Fong et al. (2016) . We find that GRB 071227 is again relatively underluminous at late times, while at early times is also dimmer than the well sampled light curve of GRB 080503. However, GRB 071227 is not atypical for this subsample and is a strong behavioural match to GRB 080503. We have also plotted the light curves of the subsample of SGRBs with known redshift given in Table 3 of D' Avanzo et al. (2014) normalised to their E γ,iso as in Figure 2b of Troja et al. (2018) , shown in our Figure 9 . We find, once again, that GRB 071227 is typical for this sample, although a lack of late time X-ray data means we cannot preclude the same behaviour found in GRB 150101B by Troja et al.. There Table 3 . We have highlighted the light curves of our kilonova candidate sample and GRB 071227.
is also a clearer agreement between GRB 071227 and GRB 130603B at later times, although GRB 130603B has an early plateau not found in GRB 071227. This analysis of the Xray agrees with the conclusion of Nicuesa Guelbenzu et al. (2014) that GRB 071227 is indeed an SGRB.
Several of our sample GRBs were also observed at optical wavelengths. In Figure 10 , we plot the available r /Rband light curves extrapolated to the same redshift as GRB 071227. It should be noted that GRB 130603B was assumed to be afterglow dominated at optical wavelengths and indications of a kilonova were identified in the NIR. We find that, while no strong conclusions can truly be drawn due to the poor sampling of the light curve, GRB 071227 is qualitatively similar to both GRB 050709 and GRB 150101B. In both these cases, the optical observations were used to infer the presence of a kilonova. We cannot preclude the possibil- Figure 10 . The available r /R-band light curves for our sample of kilonova candidates extrapolated to the same redshift as GRB 071227 without k-corrections and GRB 071227. We have applied an extinction of E(B − V ) = 0.43 mag to the light curve for GRB 071227 as the other GRBs are little affected by extinction. In the case of GRB 080503, where no redshift could be identified, we use the observed times and magnitudes. The photometry is taken from Hjorth et al. (2005) ity that GRB 071227 is also consistent with the behaviour exhibited by GRB 080503, where later brightening in the optical has been interpreted as a kilonova with a central engine (Metzger & Fernández 2014) . However, the redshift of GRB 080503 is unknown and unlikely to be low. We also compare the light curve to the models of the AT 2017gfo emission in the same bands from Gompertz et al. (2018) , as shown in Figure 3 , and find them to be generally inconsistent with GRB 071227. However, as the light curve models are strictly phenomonological in regards to AT 2017gfo, this does not preclude other kilonova models being consistent with GRB 071227.
Unfortunately, although the light curves for our subsample of potential kilonovae are often better sampled than GRB 071227, there is a lack of multiband or spectroscopic observations. In particular, it is impossible to evaluate the SEDs of many of these other candidates in order to more directly compare with the transient identified here.
Possible contributions from other afterglow mechanisms
There are several other potential mechanisms which could contribute to producing an optical flash. These include a reverse shock passing through the shell as the outflow decelerates (Kobayashi & Sari 2000) or a hypothetical coupled optical and X-ray flare during the ∼ 1.1 day time period over which our X-ray spectrum was taken. Short GRBs are typically described by the thin shell regime where the dimensionless parameter ξ 0 > 1 and a reverse shock is inefficient at slowing the shell down. To test if the excess emission at ∼ 0.26 days is the result of a reverse shock, we can estimate the expected flux from the reverse shock given the observed GRB parameters. The maximum flux and the characteristic frequency for the reverse shock are given by Harrison & Kobayashi (2013) :
where F ν,max is the maximum synchrotron flux and the subscript R or F indicates reverse and forward shock respectively, Γ 0 is the bulk Lorentz factor of the outflow, C F and C M are correction factors, and R B is a parameter that can be used to boost the magnetic equipartion value ε B in the reverse shock region where magnetic fields from the central engine may still contribute.
Assuming an efficiency of η = 0.1 for the γ-ray energy, the kinetic energy E K of the blastwave is ∼ 1.8 × 10 51 erg. The dimensionless parameter for this burst is then
where Γ 0 = 100, the Sedov length is l = (3E K /4πm p nc 2 ) 1/3 , n ∼ 10 −3 is the ambient number density and m p is the mass of a proton. For these parameters, ξ 0 ∼ 24 which confirms the thin nature of the shell. From Harrison & Kobayashi (2013) , the correction factors are given by C F ∼ (1.5 + 5ξ −1.3 0 ) −1 ∼ 0.6 and C M ∼ 5 × 10 −3 + ξ −3 0 ∼ 5 × 10 −3 , and F ν,max, R ∼ 60F ν,max,F and ν m,R ∼ 5×10 −3 ν m,F . The characteristic frequency for the forward shock at the deceleration time, when the reverse shock peaks, is ν m,F ∼ 5.3 × 10 14 Hz where we assume ε B = 0.01, ε e = 0.1 and Γ 0 = 100. This indicates that the forward shock in the optical frequencies will be ∼ F ν,max,F at peak, and the characteristic frequency for the reverse shock will be ν m,R ∼ 2.65 × 10 8 Hz. As ν m, R < ν, the flux in the optical at the peak of the reverse shock is F ν ∼ F ν,max, R (ν/ν m, R ) −(p−1)/2 ∼ 4 × 10 −2 F ν,max,F and well below the level of the forward shock. Even for a very large R B parameter the reverse shock will be only marginally brighter than the forward shock at deceleration and then decline rapidly as t −(27p+7)/35 (Kobayashi 2000) .
The peak of the afterglow at frequencies ν ≥ ν m is at the deceleration time, typically given by t d ∼ C t l/cΓ 8/3 0 , where C t ∼ 0.2 is the correction factor for our parameters. For the outflow to decelerate at ∼ 0.26 days then the Lorentz factor for the outflow would be Γ 0 ∼ 20; such a low Lorentz factor is inconsistent with a bright GRB (Lamb & Kobayashi 2016) and would reduce the reverse shock flux amplitude.
The causes of X-ray and optical flares in SGRBs are not yet understood but suggested mechanisms include fragmentation in the accretion disk surrounding the merger remnant and associated variation of the central engine (Perna et al. 2006) or the fallback of material on eccentric orbits (Rosswog 2007) . While a flare is unlikely to be a dominant factor in the X-ray spectrum over this period, a flare coinciding with our optical detections could potentially cause both the excess optical flux and steepness. However, there is the suggestion of corresponding features in both the X-ray and optical/NIR light curves of some events (e.g. Malesani et al. 2007; D'Avanzo 2015) . In particular, Malesani et al. conclude that their optical observations following GRB 050724 are linked to a coincident X-ray flare, and that the rapid fading of their optical light curve is linked to the end of this flare. They do find the SED to be consistent between the X-ray and optical, which is not the case for GRB 071227 although, as previously mentioned, the long time period used to derive our X-ray spectrum could obscure a steepening in the X-ray at a coincident time to our optical detections. It should also be noted, however, that GRB 050724 was an unusual event and evidence for the coupling of optical and X-ray flares is scant.
GRB 071227 has previously been examined for X-ray flares by Margutti et al. (2011) , and a potential flare was identified beginning at ∼ 150s, concluding well before our spectral time period and much earlier than our optical detections. No further flares were identified by Margutti et al. and we find no evidence for one in the XRT light curve, a conclusion also reached by Bernardini et al. (2011) . Despite this, the low X-ray count rate at later times means we cannot conclusively rule out an X-ray flare at a time when our optical data could be affected.
It is unlikely, therefore, that there is any significant contribution to our optical transient from these mechanisms.
GRB 071227 as an extended emission GRB
GRB 071227 has also been interpreted as an EE GRB (Norris et al. 2010; Lien et al. 2016; Gibson et al. 2017) . With T 90 = 142.5 ± 48.4 s and E γ,iso = 1.96 +0.30 −0.29 × 10 50 erg in the Swift-BAT bandpass (k-corrected, cf. Bloom et al. 2001 ), GRB 071227 is one of the longest but least energetic EE GRBs. However, the spread in durations and energies in the population is very limited (e.g. Gompertz et al. 2013) ; hence the large uncertainty on these measurements means it could be of more typical duration and energy. When corrected for redshift, T 90,rest = 102.9 ± 34.9 s, which is again both the longest of any EE burst but consistent within errors with being more typical. 29% of the total energy release occurs within the first 2 s after trigger -one of the highest promptto-EE energy ratios in the sample.
One of the EE GRB sample, GRB 060614, contains a suspected kilonova (Xu et al. 2009; Yang et al. 2015) . It should be noted that the classification of an EE GRB is still somewhat unclear and some studies take GRB 060614 to be a long burst (Gehrels et al. 2006; McBreen et al. 2008; Tanga et al. 2018) . The EE of GRB 060614 contained a factor of ∼ 3 times more energy than GRB 071227, but the prompt spike energy was comparable between the two. The light curves of both GRBs are shown in Figure 11 . After the cessation of EE, the two bursts show markedly different afterglows. GRB 060614 exhibits a long X-ray plateau, symptomatic of energy injection into the emission site, while GRB 071227 appears to decay as a simple power law. However, due to the sparse data, an injection plateau similar to, but shorter than, GRB 060614 cannot be totally discounted. In the r -band, GRB 060614 is almost an order of magnitude brighter than that observed in the first epoch of our observations of GRB 071227, with no extinction corrections applied. The light curve of GRB 060614 has been shown to be consistent with a synchrotron afterglow in which the peak frequency is passing through the r -band (Gompertz et al. 2015) . Similarly to GRB 071227, any possible thermal features at optical wavelengths are mostly masked by bright synchrotron emission. The difference in afterglow luminosity between the two bursts could be due to energy injection, as evidenced by the X-ray injection plateau in GRB 060614, Luminosity (erg/s) 060614 X-ray 071227 X-ray 060614 r-band x 100 071227 r-band x 100 Figure 11 . GRB 071227 vs GRB 060614, a short GRB with EE and a suspected kilonova. A composite BAT + XRT bolometric light curve is shown in black (green) for GRB 071227 (GRB 060614). The r -band light curve of GRB 071227 (GRB 060614) is plotted in red (blue). This has not been k-corrected, but the effect is small, and the optical light curves have also been shifted up by a factor of 100. The grey region marks the time of the excess in the F814W band that was claimed as a possible kilonova in GRB 060614 (Yang et al. 2015) .
or due to a denser circumburst environment around GRB 060614, which would result in a greater flux at both optical and X-ray frequencies. At the time of the F814W filter excess in GRB 060614 (Yang et al. 2015) , the observations available for GRB 071227 are not very constraining; the 3 σ upper limits in the r and i-bands permit an optical afterglow or kilonova up to the luminosity of the one seen in GRB 060614.
HOST GALAXY PROPERTIES
Host galaxy morphology and GRB offset
The host galaxy of GRB 071227 can be clearly identified as a late type spiral with an observed optical disk radius of ∼20 kpc in both the data presented here, and in D'Avanzo et al. (2009) and Fong et al. (2013) . The disk is viewed mostly edge on, with an inclination of ∼73 • which we derive from fitting elliptical isophotes to our highest quality image, the second epoch r -band image. The host has a rest frame Bband absolute magnitude of M B = −19.3 (D'Avanzo et al. 2009 ). Fong & Berger (2013) examine the morphology of the galaxy and fit the surface brightness profile to a Sérsic model consistent with an exponential disk. Leibler & Berger (2010) , meanwhile, fit SEDs to optical and infrared observations of the host to identify its age and mass. Fitting to a single stellar population indicates an age of 0.49 Gyr and a mass of 0.025 × 10 12 M . A fit using only the K-band fluxes gave a maximum stellar mass of 0.25×10 12 M .
Radio observations of the host have also been performed (Nicuesa Guelbenzu et al. 2014) , detecting a total integrated flux density of F ν = 43 ± 11 µJy at 5.5 GHz. While the centre of the radio emission is offset from the galactic bulge visible in the optical, this is deemed insignificant and within error bounds. Nicuesa Guelbenzu et al. conclude that the galaxy is inactive, due to its position on a WISE 3.4-4.6-12 µm (W1-W2-W3) colour-colour plot (using Vega magnitudes) and morphology at 5.5 GHz. This colour-colour plot indicates the host to be a LIRG (luminous infrared galaxy). SED fitting with additional data from Leibler & Berger (2010) and the WISE survey indicates a stellar mass of 0.32 × 10 12 M .
We used the position of the transient identified from our subtractions to measure an offset of 2.91 ± 0.10 arcsec from the galactic centre. At z = 0.381, this corresponds to 15.71 ± 0.54 kpc, consistent with the ∼ 15 kpc offsets found by D'Avanzo et al. and Fong & Berger.
Spatially resolved emission line spectroscopy
The 11 subspectra extracted from our GMOS-S spectroscopy were separately analysed to determine spatially-resolved properties of the stars and gas across the host galaxy, although it should be noted that the subspectra are not truly independent. As well as analysing the individual subspectra we split the galaxy into two disk sections (subspectra 1-4 and 8-11) and a central region (subspectra 5-7) in order to increase the signal to noise ratio (SNR) of the spectra being analysed. Figure 2 demonstrates this. This analysis was done following the procedure explained in Lyman et al. (2018) . Briefly, the stellar continuum was fit using starlight (Cid Fernandes et al. 2005 ) and the resulting emission-line spectrum (after subtraction of this stellar continuum model) was fit with a series of Gaussians centered at locations of strong nebular lines. The emission line ratios and fluxes were used to derive properties such as extinction, via the Balmer decrement, and metallicity, using indicators from Pettini & Pagel (2004) .
Many of the individual subspectra had too low SNR in order to robustly fit either the stellar continuum or the nebular lines. Even with binning of the subspectra, the SNR was not sufficient to tightly constrain the fit of the stellar continuum, which are notoriously prone to multiple degeneracies and prove problematic to interpret even in high SNR data. For the nucleus, where the continuum signal is strongest, we find the best-fitting stellar population model to be dominated by an old stellar population at 10 Gyr with a modest (few percent by mass) contribution from younger populations at 1 Gyr. This is somewhat consistent with the young+old simple stellar population model used by Leibler & Berger (2010) , a model fitted to the galaxy's observed SED in which the stellar population is divided into old stars with an age identical to that of the universe at the host's redshift, and a more recently formed stellar population with a fitted age of 0.36 Gyr. They inferred stellar masses of < 0.100×10 12 M for the old population and 0.020×10 12 M for the young.
At the location of the GRB (subspectrum 2), our emission line fits gave E(B − V) gas = 0.54 ± 0.37 mag of extinction based on the Balmer decrement, assuming an intrinsic F(Hα)/F(H β) = 2.86 (Osterbrock & Ferland 2006) , as expected from our spectral fits of GRB 071227. When analysing the combined disk spectrum from subspectra 1-4 to obtain a higher SNR in the lines, we obtain E(B − V) gas = 0.53 ± 0.16 mag, greater extinction than identified in many other SGRB hosts examined (Savaglio et al. 2009; Yoshida et al. 2019) . The metallicity at the GRB location was found to be 12 + log(O/H) = 8.5 ± 0.3 and 8.5 ± 0.2 dex, using the N2 and O3N2 relations of Pettini & Pagel (2004) , respectively. When considering the summed disk spectrum on the GRB side of the galaxy, these values are 8.7 ± 0.1 and 8.6 ± 0.1 dex respectively. These are consistent with the range of 8.2 to 8.8 inferred by D'Avanzo et al. (2009) for this host, and are also comparable to the sample of local galaxies (∼ 7.5 − 9.2; Walter et al. 2008 ) and the Milky Way (∼8.7; Baumgartner & Mushotzky 2006) . Of particular note is the similarity to the metallicity inferred for the host of SGRB 080905A (∼ 8.4−8.8; Rowlinson et al. 2010) . Note that these gas phase metallicities are relevant only for the ongoing star formation and young stellar population of the host, and thus may not be indicative of the metallicity of a possible very old progenitor. When analysing the disk on the opposite side of the nucleus from the GRB, we find very similar metallicity values but a somewhat higher E(B − V) gas ∼ 1.4 mag. The difference in extinction on opposing sides of the disk may be a result of viewing the host edge on and the geometry of the dust lanes with respect to the spiral arms.
We measure a total host unobscured [O II] luminosity of ∼ 5 × 10 40 erg s −1 , which, using equation 3 from Kennicutt (1998) , gives a star formation rate of 0.7 ± 0.2 M yr −1 . Alternatively, using equation 10 from Kewley et al. (2004) and our mean metallicity of 8.6, gives a rate of 0. 
Rotation curve
The nearly edge-on orientation of the host galaxy gives us an excellent view on the rotation curve of the galaxy. To determine the rotation curve of the galaxy we used the ngaussfit routines in the IRAF stsdas package. We extracted postage stamp spectra using a 5 pixels bin in the spatial direction (corresponding to 0.73 arcseconds or 3.79 kpc) and 150 pixels in the dispersion direction from the 2D spectra. We then fitted the continuum level and slope, and fitted the line with a Gaussian profile to determine its centre position. The postage stamps were shifted with 3 pixels in spatial direction after each fit. This minimizes the effect of weak cosmic rays and residuals of skylines, but also results in nonindependent datapoints.
The Hα line is bright, but the Balmer stellar atmospheric absorption is strong near the nucleus; we did not explicitly fit for the absorption in the line centroid measurements.
The [O II] doublet is not as bright as the Hα line, but the local continuum is extremely weak, making the line center easy to fit, although it is more difficult to determine the galaxy centre pixel. Furthermore, the Hα and [O II] lines are located at the extreme ends of the spectrum, where the arc spectrum has only a few lines, making the wavelength calibration less certain. We therefore also fitted the [N II], [O III] and Hβ lines, but did not use the [S II] doublet which is too close to the end of the chip. The resulting radial velocity measurements, including only points with a velocity uncertainty better than 100 km s −1 , are shown in Figure 12 . The GRB took place in the approaching, South-East, end of the galaxy as indicated.
The rotation curve appears to consist of a disk-like profile with a significant undulation around the centre, partic-
This undulation is possibly caused by a centrally located bar structure, a large spiral arm or a counterrotating disk, but to establish this definitively, a much higher signal to noise is required so the line centres can be measured in smaller bins and the zero position and velocity can be more accurately determined. We can, however, estimate the dynamical mass of the galaxy through the velocity at which the rotation curve levels off, which we evaluate by using a weighted mean of a rebinned dataset, using inverse variance weighting taking into account the bin overlap. Following their initial kicks, the mass of their host is an important parameter in the travel of a compact binary. Identifying the host's mass, therefore, is useful for understanding and constraining the potential offsets of SGRBs from their hosts, which could enable host associations and therefore redshifts in other SGRBs. We correct for the inclination of ∼73 • as identified in section 4.1, and find a dynamical mass of ∼ 0.32 × 10 12 M , consistent with the stellar masses of 0.32×10 12 M found by Nicuesa Guelbenzu et al. (2014) and 0.25 × 10 12 M found by Leibler & Berger (2010) , an agreement typical for galaxies of this mass (Drory et al. 2004 ). This mass is approximately 20 to 30% of that inferred for the Milky Way (McMillan 2017) and an order of magnitude larger than that of the host of GRB 080905A (Rowlinson et al. 2010 ). 
Host environment
The evolution of a galaxy, and by extension, the objects within, can be strongly influenced by its environment. It is therefore important to identify key features of a host galaxy's environment, such as clustering, to better inform future observations of GRBs. In addition, determining the relationship between SGRB hosts and their environments could allow redshifts to be inferred for hostless SGRBs.
Whilst it appears from our imaging data that the host of GRB 071227 is in a local cluster, we can verify this assertion using red sequencing: a colour-magnitude plot of the galaxies within a cluster will display a linear relationship known as the red sequence, the specifics of which are defined by the redshift of the cluster (Gladders & Yee 2000) . We produced a plot of the colour-magnitude relation for each combination of filters for the galaxies visible within the GMOS-S field, an example of which is shown in Figure 13 , including the expected red sequences at our redshift of 0.381, which we constructed using the Millenium N -body simulation (Springel et al. 2005 ) and a similar methodology to Stott et al. (2009) . The galaxy evolution in our case is defined in Lagos et al. (2012) . Our red sequences consistently indicate that the host of GRB 071227, marked in red in the plots, is indeed part of a local cluster of galaxies.
CONCLUSIONS
We have investigated the short duration GRB 071227 at Xray and optical wavelengths, and find apparent excess optical flux inconsistent with the inferred afterglow extrapolated from fitting only the X-ray data. Using an MCMC method to fit the SED, however, we find that both the X-ray and optical transients are generally consistent with an afterglow where Γ ∼ 2.1 − 2.2, although an excess remains in the zband.
We also investigate other possible causes of this excess. We find that fitting the excess to a blackbody is generally inconsistent with the results expected from kilonova models, requiring superluminal motion and a high ejecta mass of ∼ 0.1 M , and varying the afterglow parameters and extinction generally fails to reconcile this. We cannot fully rule out some thermal contribution, however, which could be responsible for the z -band excess. Additionally, we have compared GRB 071227 to several kilonova candidates, finding the r /Rband and XRT lightcurves of GRB 071227 to be consistent with these observations and with the sample of SGRBs in general.
We find the excess is also inconsistent with being the result of a reverse shock and there is no evidence for a coupled X-ray optical flare as has been previously suggested in the case of GRB 050724. We have examined GRB 071227 in the context of EE GRBs, particularly in comparison to GRB 060614.
Finally, we have performed spectroscopic analysis of the host of GRB 071227. We find that the host is a spiral galaxy with a dynamical mass of ∼ 0.35 ×10 12 M . In addition, we have derived a majority stellar population age of > ∼ 10 Gyr with a small contribution from a younger population, a mean metallicity of 12 + log(O/H) = 8.6 dex and a star formation rate of 0.2 to 0.7 M yr −1 . We evaluate the extinction of the galaxy finding it to be dustier than many other SGRB hosts with E(B − V) gas = 0.54 ± 0.37 near the GRB and E(B − V) gas ∼ 1.4 in the other disk region. We also used red sequencing to show that the galaxy is situated in a local cluster. Overall, despite having a higher intrinsic extinction than most other examples, we find the host of GRB 071227 to be a typical late-type SGRB host, less massive and with comparable metallicity to the Milky Way. Table A1 . Our xspec fit to the X-ray spectrum using the absorbed power law model tbabs*ztbabs(powerlaw). This model represents a power law spectrum, where flux density A(E) = K E −Γ for some energy E, Γ is the photon index, with Γ = β + 1, and K is the flux density at 1 keV. Tbabs and ztbabs apply interstellar medium (ISM) absorption corrections to the X-ray, with tbabs correcting for the Milky Way and ztbabs correcting for the host and its redshift (Wilms et al. 2000) . All errors are given to 90% confidence limits. Table A2 . Our xspec fit to the first epoch Gemini optical data using the absorbed power law model redden*zdust(powerlaw), where redden introduces a correction for IR/optical/UV extinction in the Milky Way (Cardelli et al. 1989 ) while zdust corrects for dust extinction in the host, again including its redshift (Pei 1992) . Note that the method selected uses the extinction curves derived from the Milky Way. All errors are given to 90% confidence limits. Table A3 . Our xspec fit to the combined X-ray and optical SED using the absorbed power law model redden*tbabs(zdust*ztbabs(powerlaw)). As the normalisation of the power law was allowed to vary between the X-ray and optical data, we list both below. All errors are given to 90% confidence limits. Table A4 . Our Markov Chain Monte Carlo (MCMC) power law fit to the afterglow defined as A(E) = K E −Γ for some energy E as above. E(B − V ) is derived from the N H using the relation identified by Güver &Özel (2009). All errors below are 1 σ. 
